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PURPOSE: To prevent the demagnetization of a medium 
due to turning, to reduce medium noise, to attain high 
reproduction output and to obtain a perpendicular 
magnetic recording medium having high performance and 
high quality. 
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perpendicular magnetic recording layer 5 are 
successively formed on a discoid substrate 1 to obtain a 
perpendicular magnetic recording medium 10, a hard 
magnetic underlayer 3 having magnetization whose entire 
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substrate 1 in the radial direction is interposed between 
the substrate 1 and the soft magnetic underlayer 4. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The vertical-magnetic-recording medium characterized by to prepare the hard magnetism ground layer which has the 
magnetization all whose magnetization directions are either the radial periphery sense of the aforementioned substrate, or the 
main sense between the aforementioned substrate and the aforementioned soft-magnetism ground layer in the 
vertical-magnetic-recording medium equipped with the disc-like substrate, the soft-magnetism ground layer formed on this 
substrate, and the vertical-magnetic-recording layer formed on this soft-magnetism ground layer. 

[Claim 2] A disc-like substrate. The soft-magnetism ground layer formed on this substrate. The vertical-magnetic-recording layer 
formed on this soft-magnetism ground layer. It is. the vertical-magnetic-recording medium equipped with the above, and is 
characterized by preparing the orientation hard magnetism ground [ in which all the magnetization directions are either the radial 
periphery sense of the aforementioned substrate, or the main sense, and the direction of orientation is in the field of the 
aforementioned substrate ] layer within a field between the aforementioned substrate and the aforementioned soft-magnetism 
ground layer. 

[Claim 3] A disc-like substrate. The soft-magnetism ground layer formed on this substrate. The vertical-magnetic-recording layer 
formed on this soft-magnetism ground layer. It is the vertical-magnetic-recording medium equipped with the above, and is 
characterized by preparing a radius orientation hard magnetism ground [ in which all magnetization is either the radial periphery 
sense of the aforementioned substrate, or the main sense, and the direction of orientation is radial / aforementioned ] layer 
between the aforementioned substrate and the aforementioned soft-magnetism ground layer. 

[Claim 4] The vertical-magnetic-recording medium which is a vertical-magnetic-recording medium according to claim 3, and is 
characterized by using the aforementioned radius orientation hard magnetism ground layer as Co alloy film containing Sm 
(SAMARYUUMU). 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the two-layer film medium which is applied to a vertical-magnetic-recording 

medium, especially has a soft-magnetism ground layer. 

[0002] 

[Description of the Prior Art] The vertical magnetic recording attracts attention from the ability of high-density record to be 
performed rather than the magnetic recording within a field, and many two-layer film media which consist of a soft-magnetism 
ground layer formed on the nonmagnetic substrate and a vertical-magnetic-recording layer as a medium used for this are 
examined. Such a two-layer film medium can perform efficient magnetic-recording reproduction by combining with a single 
magnetic pole type head. Since the two-layer film medium which uses a Co-Zr system amorphous soft-magnetism film as a 
ground layer especially can obtain the sharp vertical-magnetic-recording layer of a perpendicular stacking tendency, it is 
effective in especially improvement in record efficiency. 

[0003] However, in using this two-layer film medium as a disk-like medium, after signal record, it demagnetizes with time only 
by rotating the medium, and the problem that signal strength will decline is. This demagnetization phenomenon is considered 
because the recording information of a vertical-magnetic-recording layer is eliminated by movement of the magnetic domain wall 
which magnetization of an amorphous soft-magnetism ground layer is easily reversed, and generates the strong perpendicular 
magnetic field accompanying this by magnetic field interference, such as earth magnetism, in case a medium rotates. 
[0004] Then, the applicant for this patent proposed the method of canceling demagnetization by fonning a needlelike particle on 
the above-mentioned soft-magnetism ground layer, and giving irregularity to a front face in Japanese Patent Application No. No. 
103490 [ four to ], previously. This is explained as 1st conventional example. Drawing 3 is the fragmentary sectional view 
showing typically the composition of the vertical-magnetic-recording medium of the 1 st starting conventional example and the 
2nd example of comparison. In this drawing, 21 is the disc-like glass substrate which carried out mirror polishing, and the 
soft-magnetism ground layer 24 which consists of an amorphous thin film containing Co-Zr is formed on this glass substrate 2 1 . 
And many needlelike particles 27 are formed in the front face of this soft-magnetism ground layer 24. What is easy to form 
metals and whiskers, such as the Co-Zr system alloy which is the component of the soft-magnetism ground layer 24 as this 
needlelike particle 27 and the material which cannot dissolve easily, for example, Cu, Sn, Zn, aluminum, Cd, Pb, etc., is used. 
And it has the composition that the vertical-magnetic-recording layer 25 was formed on this needlelike particle 27, and the 
protective layer 26 was formed on this vertical-magnetic-recording layer 25. 

[0005] And by such vertical-magnetic-recording medium 12 of composition, since movement of the magnetic domain wall of the 
soft-magnetism ground layer 24 is suppressed by existence of the needlelike particle 27, coercive force He of the soft-magnetism 
ground layer 24 can be enlarged to some extent, and aging by magnetic field interference can be stopped, therefore the problem 
of demagnetization can be solved. 

[0006] Moreover, further, the applicant for this patent also proposed the method of canceling demagnetization by heat-treating in 
a vacuum, after preparing the carbon layer between the above-mentioned soft-magnetism ground layer and the substrate in 
Japanese Patent Application No. No. 63528 [ five to ]. This is explained as 2nd conventional example. Drawing 9 is the 
fragmentary sectional view showing typically the composition of the vertical-magnetic-recording medium of the 2nd 
conventional example. In this drawing, 31 is the disc-like glass substrate which carried out mirror polishing, and the chromium 
layer 32 of 50nm thickness is formed on this glass substrate 31. The carbon layer 37 is formed on this chromium layer 32. On 
this carbon layer 37, the soft-magnetism ground layer 34 which consists of an amorphous thin film of a Co-Zr-Nb system is 
formed. And on this soft-magnetism ground layer 34, the vertical-magnetic-recording layer 35 which consists of an amorphous 
thin film of a Co-Cr-Ta system is formed, and it is Si02 on this vertical-magnetic-recording layer 35. The becoming protective 
layer 36 is formed. The vertical recording medium 13 which has such composition is heat-treated in a vacuum, making rotating 
magnetic field act. 

[0007] Thus, in the vertical-magnetic-recording medium 13 obtained, since the crystallization temperature of the soft-magnetism 
ground layer 34 can become low, crystallization of the soft-magnetism ground layer 34 can be comparatively controlled by 
low-temperature heat treatment and the coercive force (He) can be gone up to a moderate value when carbon is spread in the 
soft-magnetism ground layer 34, the vertical-magnetic-recording medium 13 which does not produce demagnetization can be 
obtained. 
[0008] 
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[Problem(s) to be Solved by the Invention] By the way, each method explained above prevents the demagnetization generated 
with medium rotation by making high the coercive force (He) of a soft-magnetism ground layer. It becomes disadvantageous to 
make the permeability mu of this soft-magnetism ground layer fall, and to obtain the high reproduction output from a vertical 
recording medium to make He of a soft-magnetism ground layer high. Moreover, in the vertical-magnetic-recording medium 
which consists of a soft-magnetism ground layer and a vertical-magnetic-recording layer, since a magnetic domain wall exists in 
a soft-magnetism ground layer, the medium noise resulting from this magnetic domain wall occurs. 
[0009] Then, paying attention to the above-mentioned point, this invention prevents the demagnetization by rotation of a 
medium, reduces a medium noise in a vertical-magnetic-recording medium, enables it to obtain a high reproduction output, and 
aims at this offering a highly efficient and quality vertical-magnetic-recording medium. 
[0010] 

[Means for Solving the Problem] The vertical-magnetic-recording medium of this invention by the claim 1 In the 
vertical-magnetic-recording medium equipped with the disc-like substrate, the soft-magnetism ground layer formed on this 
substrate, and the vertical recording layer formed on this soft-magnetism ground layer The above-mentioned purpose is attained 
by having prepared the hard magnetism ground layer which has the magnetization all whose magnetization directions are either 
the radial periphery sense of the aforementioned substrate, or the main sense between the aforementioned substrate and the 
aforementioned soft-magnetism ground layer. 

[001 1] Moreover, the vertical-magnetic-recording medium of this invention by the claim 2 In the vertical-magnetic-recording 
medium equipped with the disc-like substrate, the soft-magnetism ground layer formed on this substrate, and the 
vertical-magnetic-recording layer formed on this soft-magnetism ground layer The above-mentioned purpose is attained by 
having prepared the orientation hard magnetism ground [ in which all the magnetization directions are either the radial periphery 
sense of the aforementioned substrate, or the main sense, and the direction of orientation is in the field of the aforementioned 
substrate ] layer within a field between the aforementioned substrate and the aforementioned soft-magnetism ground layer. 
[0012] Moreover, the vertical-magnetic-recording medium of this invention by the claim 3 In the vertical-magnetic-recording 
medium equipped with the disc-like substrate, the soft-magnetism ground layer formed on this substrate, and the 
vertical-magnetic-recording layer formed on this soft-magnetism ground layer The above-mentioned purpose is attained by 
having prepared the radius orientation hard magnetism ground [ in which all magnetization is either the radial periphery sense of 
the aforementioned substrate, or the main sense, and the direction of orientation is radial / aforementioned ] layer between the 
aforementioned substrate and the aforementioned soft-magnetism ground layer. 

[0013] Moreover, the vertical-magnetic-recording medium of this invention by the claim 4 is a vertical-magnetic-recording 
medium according to claim 3, and attains the above-mentioned purpose by having used the aforementioned radius orientation 
hard magnetism ground layer as Co alloy film containing Sm (SAMARYUUMU). 
[0014] 

[Example] Hereafter, the example of this invention is explained with reference to an accompanying drawing. 
<Example 1> drawing 1 is the fragmentary sectional view showing typically the composition of the 1st example of the 
vertical-magnetic-recording medium of this invention. As shown in this drawing, this vertical-magnetic-recording medium 10 
consists of a disc-like glass substrate 1 which carried out mirror polishing, and the chromium layer 2 formed in order on this 
glass substrate 1, the hard magnetism ground layer 3, the soft-magnetism ground layer 4, the vertical-magnetic-recording layer 5 
and a protective layer 6. 

[0015] Hereafter, the concrete manufacture method is explained about the example 1 of this invention. Whenever membrane 
formation of each class 2, 3, 4, 5, and 6 formed in a glass substrate 1 showed the outline cross section near [ the ] an electrode to 
drawing 7 , it came, and it was performed using DC magnetron-sputtering equipment. With this equipment, in the lower part 
center section of the target 43 like Co-Zr-Nb, the 1st rare earth permanent magnet 41 is arranged, the 2nd rare earth permanent 
magnet 42 is arranged at the lower part periphery section of a target 43, for example, and polarity of these [ 1st ] and the 2nd rare 
earth permanent magnet 41 and 42 is made into reverse, respectively, as shown in drawing 7 . Moreover, above the target 43, the 
disc-like glass substrate 1 which carried out mirror polishing is arranged. By such arrangement, the glass substrate 1 has said 1st 
[ the ] and the composition that the magnetic field of about 4 kAAn is always added to radial [ the ] with the 2nd rare earth 
permanent magnet 41 and 42. In addition, it contributes also to these rare earth permanent magnets 41 and 42 acting also as a 
magnet of a magnetron, converging about 43-target plasma, and forming membranes at a high rate. 

[0016] Moreover, the membrane formation conditions by this equipment were Ar atmosphere of 0.067Pa of gas **, and 2 and 
distance between target-substrates were made to 60mm, and they made 1 .0-2.0W/cm of substrate temperature 150 degrees C - 
250 degrees C for power flux density. In addition, a Co-Crl5-Ta4 at% alloy with a diameter of 203mm is used as an object for 
the hard magnetism ground layers 3, a Co-Zr7-Nb5 at% alloy with a diameter of 203mm is used as an object for the 
soft-magnetism ground layers 4, the Co-Crl5-Ta4 at% alloy of the same size is used as an object for the 
vertical-magnetic-recording layers 5, and a target 43 is Si02 of the same size as an object for protective layers 6. It was used. 
[0017] First, the chromium layer 2 was formed by 50 or lOOnm thickness on the soda lime glass substrate 1 with a diameter of 
95mm of a mirror finish, and the hard magnetism ground layer 3 was formed by 25 or 200nm thickness by using a Co-Crl5-Ta4 
at% alloy as a target 43 on it. The chromium layer 2 is formed in order to carry out orientation within a field of the magnetization 
of the hard magnetism ground layer 3. In addition, in fact, in order to see the thickness dependency of the hard magnetism 
ground layer 3 to record reproducing characteristics and magnetic properties, two or more samples of each thickness (25nm, 
50nm, lOOnm, and 200nm) were manufactured about the thickness of the hard magnetism ground layer 3, respectively. 
[0018] Subsequently, 75nm of vertical-magnetic-recording layers 5 was formed by using a Co-Zr7-Nb5 at% alloy as a target 43, 
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having used the Co-Crl5-Ta4 at% alloy as the target 43 for the soft-magnetism ground layer 4 immediately after 500nm 
membrane formation. By forming membranes immediately here, Co-Zr-Nb and Co-Cr-Ta couple directly, and the 
vertical-magnetic-recording layer 5 which carries out perpendicular orientation strongly is obtained. It is Si02 as a protective 
layer 6 to the last. lOnm was formed. Thus, after finishing membrane formation, heat treatment among a magnetic field was 
performed. Drawing 8 is a conceptual diagram for explaining heat treatment among a magnetic field which is one of the 
manufacturing processes of the vertical-magnetic-recording medium 10. As shown in drawing 8 , rotating the 
vertical-magneric-recording medium 10 after membrane formation around the center-of-rotation shaft 9 in a 24kA [/m ] magnetic 
field in the atmosphere in a vacuum of 10 - 3 or less Pa, at 300 degrees C, heat treatment of 3 hours was performed and the 
vertical-magnetic-recording medium 10 was obtained. 

[0019] Here, in order to carry out property comparison with this example 1, the vertical-magnetic-recording medium of the 
examples 1 and 2 of comparison was manufactured. The vertical-magnetic-recording medium 11 of the example 1 of comparison 
is constituted as shown in drawing 2 , and it consists of a glass substrate 1, and the soft-magnetism ground layer 4, the 
vertical-magnetic-recording layer 5 and protective layer 6 which were formed in order on this. The quality of the material and the 
membrane formation conditions of each class 4, 5, and 6 are the same as that of the case of the above-mentioned example 1. 
[0020] The vertical-magnetic-recording medium 12 of the example 2 of comparison was considered as the same composition as 
the 1st conventional example shown in drawing 3 . Specifically, in order to form or form the soft-magnetism ground layer 24, the 
vertical-magnetic-recording layer 25, a protective layer 26, and the needlelike particle 27, DC magnetron-sputtering equipment 
of the structure shown in drawing 7 mentioned above was used, a target 43 — as the object for the soft-magnetism ground layers 
24 - with a diameter of 203mm Co-Zr7-Nb5 at% - on an alloy Using what has arranged Cu (7x7x1 mm) as an impurity on [ 16] 
eroticism- JON area, as an object for the vertical-magnetic-recording layers 25, the Co-Crl5-Ta4 at% alloy of the same size is 
used, and it is Si02 of the same size as an object for protective coats 26. It used. As a substrate 21, the soda lime glass with a 
diameter of 95mm which carried out the mirror finish was used. 

[0021] It considers as Ar atmosphere of 0.067Pa of gas **, and membrane formation conditions are power flux density 1.0 - 2.0 
W/cm2 It carried out, distance between target-substrates was set to 60mm, and substrate temperature was made into 150 degrees 
C. First, on the glass substrate 21, the soft-magnetism ground layer 24 was formed in the thickness of 500nm, the 
vertical-magnetic-recording layer 25 was immediately formed in the thickness of 75nm, the protective layer 26 was formed after 
that at the thickness of 20nm, and the vertical-magnetic-recording medium 12 was obtained. In addition, when forming the 
soft-magnetism ground layer 24, since Cu as an impurity for needlelike particle 27 formation is arranged at the target 43, many 
Cu needlelike particles 27 are formed in the front face of the soft-magnetism ground layer 24. 

[0022] Next, the characterization result of these samples (an example 1, the example 1 of comparison, and example 2 of 
comparison) is explained. First, record reproducing characteristics are described, in addition, the record reproducing 
characteristics about these samples - 8 micrometers of width of recording track, and the main pole — thick ~ it measured using 
the single magnetic pole head of 0.4 micrometers and coil number-of-turns 60 turn on the conditions of disk rotational frequency 
2070rpm, linear- velocity 8 m/s, and 80nm of head flying heights 

[0023] Record reproduction of the 100kHz square wave signal was carried out, and solitary- wave reproduction output Ep-p 
(nV/(micrometer-t-m/s)) was measured with die oscilloscope. Here, reproduction outputs are the width of recording track 
(micrometer), coil number of turns (t), and linear velocity (m/s), and are standardized. 6. Record reproduction of the signal of 67 
MHz was carried out, the difference of the noise component at that time and a system noise was measured by the spectrum 
analyzer over 16MHz of bands, and the medium noise (muVrms) was obtained. Moreover, a reproduction output immediately 
after carrying out the rotation start of the vertical-magnetic-recording medium and 2x104 The ratio of the reproduction output 
after rotation was made into the amount of demagnetization (dB). On the other hand, VSM estimated the magnetic properties of a 
vertical-magnetic-recording medium. About each sample, the M-H curve was measured and the permeability mu of the 
compound layer of a soft-magnetism ground layer / hard magnetism ground layer was obtained. The above measurement result is 
shown in Table 1. 
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[0025] According to Table 1, although the reproduction output is equivalent to the example 1 of comparison which does not have 
the hard magnetism ground layer 3, the medium noise of the vertical-magnetic-recording medium 10 of the example 1 of this 



3of8 



3/27/03 5:54 PM 



http:/Awww4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



invention is equivalent to the example 2 of comparison which is falling, S/N is improved as a result, is improved by even the 
measurement limitation grade about the amount of demagnetization, and has improved the amount of demagnetization. In 
addition, about permeability, in the example 1 of this invention, although it is inferior to the example 1 of comparison which a 
ground layer becomes only from the soft-magnetism ground layer 4, the value higher than the example 2 of comparison in which 
the needlelike particle was formed is shown. 

[0026] Next, the M-H (magnetization) curve of the compound layer of a soft-magnetism ground layer / hard magnetism ground 
layer is explained, the graphical representation showing the M-H curve of the compound layer of soft-magnetism ground layer 4 / 
hard magnetism ground layer 3 from which drawing 5 constitutes the 1 st example of the vertical-magnetic-recording medium of 
this invention - it is - a horizontal axis - the intensity of an impression magnetic field - in a vertical axis, Curves 1 and m show 
a saturation magnetization curve, and curves nl, n2, and n3 show a minor loop for magnetization, respectively In addition, since 
measurement of this M-H curve was performed to the field inboard of a substrate by impressing a magnetic field, even if there is 
a vertical-magnetic-recording layer 5, since this vertical-magne tic-recording layer 5 has a perpendicularly strong anisotropy in a 
substrate side, it turns out that the measurement result described below is not affected. 

[0027] First, if the magnetic field H which increases in the right direction is impressed to the compound layer which is not 
magnetized, the initial magnetization curve which is not shown in drawing will be followed, and it will be magnetized in the right 
direction, and will amount to A points in 500Oe(s) which are the magnetic field strength enough saturated in the right direction 
in the hard magnetism ground layer 3, and Magnetization M will be saturated in the right direction. Next, if the impression 
magnetic field H is decreased, Magnetization M follows Curve m and decreases. If a magnetic field H amounts to 0, the 
magnetic field H is made to increase in the negative direction shortly. Magnetization M will be set to 0 if a magnetic field H 
reaches -He (coercive force). Furthermore, if a magnetic field H is made to increase in the negative direction, a compound layer 
will be magnetized in the negative direction, and the B point will be reached if a magnetic field H is set to -HI (it considers as a 
reversal magnetic field). 

[0028] Next, if a magnetic field is reversed in the B point and a magnetic field H is changed in the right direction, an M-H curve 
draws a minor loop and Magnetization M changes along with the curve nl. And the magnetic field H when Magnetization M is 
set to 0 is searched for as Hm (HI). If a magnetic field H is furthermore changed in the right direction, it will be magnetized in 
the right direction, and through C points, if a magnetic field H is set to 500Oe(s), it will amount to A points again. If this 
operation is repeated, a magnetic field H is decreased from a positive saturation magnetic field to -H2 and it is made to change in 
the right direction there, a magnetic field H will be decreased to -H3 from Curves n2 and Hm (H2) and a positive saturation 
magnetic field, and if it is made to change in the right direction there, Curves n3 and Hm (H3) will be obtained. In addition, the 
magnetic field strength enough saturated in the negative direction is shown by D points by -500Oe. 

[0029] On the other hand, the M-H curve of the soft-magnetism ground layer 4 which constitutes the vertical-magnetic-recording 
medium 12 of the 2nd example of comparison in drawing 6 is shown, this drawing - setting - a horizontal axis - the intensity of 
an impression magnetic field — in a vertical axis, Curves r and s show a saturation magnetization curve, and curves tl, t2, and t3 
show a minor loop for magnetization, respectively In addition, the influence which it has on measurement of the 
vertical-magnetic-recording layer 25 can be disregarded like the example of an above-mentioned this invention. 
[0030] First, if the magnetic field H which increases in the right direction is impressed to the soft-magnetism ground layer 24 
containing the needlelike particle 27 which is not magnetized, the initial magnetization curve which is not shown in drawing will 
be followed, it will be magnetized in the right direction, A' point will be reached in 500Oe(s) which are the magnetic field 
strength enough saturated in the right direction in the soft-magnetism ground layer 24, and Magnetization M will be saturated in 
the right direction. Next, if the impression magnetic field H is decreased, Magnetization M follows Curve s and decreases. If a 
magnetic field H amounts to 0, the magnetic field H is made to increase in the negative direction shortly. Magnetization M will 
be set to 0 if a magnetic field H reaches -He (coercive force). Furthermore, if a magnetic field H is made to increase in the 
negative direction, the soft-magnetism ground layer 24 will be magnetized in the negative direction, and B' point will be reached 
if a magnetic field H becomes -HI' (it considers as a reversal magnetic field). 

[0031] Next, if a magnetic field is reversed in B points and a magnetic field H is changed in the right direction, an M-H curve 
draws a minor loop and Magnetization M changes along with the curve tl. And the magnetic field H when Magnetization M is 
set to 0 is searched for as Hm (HI'). Hereafter, it measured like the case of the compound layer of the above-mentioned this 
example 1. 

[0032] Thus, drawing 4 asked for the relation with the magnetic field Hm (H) from which the magnetization at the time of the 
reversal magnetic field H and the reversal magnetic field H is set to 0, and this drawing is a graphical representation showing the 
relation between standardized impression (reversal) magnetic field H/Hc (this He is a coercive force) in the magnetization curve 
of a soft-magnetism ground layer / hard magnetism ground layer, and Hm (H) of a minor loop. The drawing 4 smell has shown 
the result when setting thickness of the hard magnetism ground layer 3 of a compound layer to 25nm, 50nm, lOOnm, and 200nm, 
and the result of the example 2 of comparison. 

[0033] In drawing 5 which shows the M-H curve of the example 1 of this invention, it is characteristic that Hm (H) is negative. 
In drawing 4 , as for this, Hm (H) is equivalent to a line existing in a negative field. The square arrow within the limit has shown 
the direction of the magnetization in A, B, and C each point to drawing 5 (an upper case shows the soft-magnetism ground layer 
4, and the lower berth shows the direction of magnetization of the hard magnetism ground layer 3, respectively), in B points Only 
the soft-magnetism ground layer 4 was reversed to the negative direction, and since the hard magnetism ground layer 3 is 
magnetized in the right direction, although a magnetic field is negative, by C points, magnetization of the soft-magnetism ground 
layer 4 has returned in the right direction according to the magnetic interaction of the soft-magnetism ground layer 4 and the hard 
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magnetism ground layer 3. 

[0034] In drawing 4 , irrespective of the thickness of the hard magnetism ground layer 3, the line is all extended to the negative 
field and it is shown in the example 1 of this invention that a magnetic interaction is strong. In addition, although an exchange 
interaction or magnetostatic combination was assumed among them about the bipolar membrane of a soft-magnetism ground 
layer / hard magnetism ground layer although explained in detail in explanation of the below-mentioned example 2, the 
simulation was performed and the M-H curve has been obtained, it is checked by this method that an above-mentioned magnetic 
interaction is an exchange interaction. 

[0035] That is, as shown in drawing 5 , apparent He is large enough, although about 6 Oe(s), demagnetization, and a spike noise 
are prevented, and He (soft) of soft-magnetism ground layer 4 the very thing is much smaller than it. The numeric value can be 
presumed by the formula shown in drawing 4 and the following. In drawing 4 , that that is, Hm (H) is changing with magnetic 
fields H It is because residual magnetization of the hard magnetism ground layer 3 is changing, a horizontal axis in respect of 
|H|/Hc=l (Hm (1)) It is thought that there is almost no magnetization change of the hard magnetism ground layer 3, it is in the 
state which only magnetization of the soft-magnetism ground layer 4 reversed, and this difference of Hm (1) and -He is 
considered to be the double precision of the coercive force only in the case of the soft-magnetism ground layer 4 (He (soft)). 
That is, it is expressed with the following formula. 
[0036] 
[Equation 1] 

Hm ( 1 ) - (-He ) Hm ( 1 ) +Hc 

He (SQft) = = 

2 2 

[0037] It is a value with He (soft) of soft-magnetism ground layer 4 the very thing sufficiently smaller than this although the hard 
magnetism ground layer 3 holds ********** in which even 15% (lOe) grade of He and a 25nm thing are estimated as 40% 
(2-2. 50e) grade, and the soft-magnetism ground layer 4 originally has them by the thing 50nm or more. For this reason, as shown 
in Table 1, they are permeability mu and reproduction output EP-P. The high value is maintained. On the other hand, since He of 
soft-magnetism ground layer 24 itself is high in the example 2 of comparison shown in drawing 6 , Hm (H) is always almost 
equal to He, and a bird clapper does not have the line of drawing 4 in negative (in addition in drawing 6 , a square arrow within 
the limit shows the sense of the magnetization in A', B', C, and D' each point). Therefore, ********** i s spoiled and 
permeability mu is low. The output is low because flux density has fallen [ this and ] since Cu is added again. 
[0038] In addition, in this example 1, although based on the magnetic field currently impressed to radial [ of the substrate at the 
time of DC magnetron sputtering which forms a hard magnetism ground layer in on the other hand making a direction magnetize 
the hard magnetism ground layer on a disc-like glass substrate ], it cannot be overemphasized that it is not limited to this, and it 
can be magnetized by [ radial ] on the other hand magnetizing in a direction etc. after forming a hard magnetism ground layer. 
[0039] <Example 2> drawing 10 is the fragmentary sectional view showing typically the composition of the 2nd example of the 
vertical-magnetic-recording medium of this invention. As shown in this drawing, the vertical-magnetic-recording medium 50 
consists of a disc-like glass substrate 1 which carried out mirror polishing, and the hard magnetism ground layer 53 formed in 
order on this glass substrate 1, the soft-magnetism ground layer 4, the vertical-magnetic-recording layer 5 and a protective layer 
6. 

[0040] Hereafter, the concrete manufacture method is explained about the 2nd example of this invention. DC 
magnetron-sputtering equipment of the structure shown in drawing 7 used on the occasion of manufacture of the 
above-mentioned example 1 was used for membrane formation of each class 53, 4, 5, and 6 formed in a glass substrate 1. 
[0041] Membrane formation conditions were Ar atmosphere of 0.067-0. 13Pa of gas **, and 0.5 - 2.0 W/cm2 and distance 
between target-substrates were made to 60mm, and they made substrate temperature 150 degrees C - 250 degrees C for power 
flux density. In addition, the target 43 used the compound target which arranges and constituted 32-48 chips (size : 5x5xlmm) of 
Sm as an object for the hard magnetism ground layers 53 in the neighborhood which should serve as eroticism- JON area on Co 
with a diameter of 203mm. Moreover, as an object for the soft-magnetism ground layers 4, a Co-Zr5-Nb4 at% alloy with a 
diameter of 203mm is used for a target 43, and the Co-Cr 1 5-Ta4 at% alloy of the same size is used for it as an object for the 
vertical-magnetic-recording layers 5, and it is Si02 of the same size as an object for protective layers 6. It was used. 
[0042] First, the hard magnetism ground layer 53 was formed by 100 or 200nm thickness by using as a target 43 the Co-Sm 
compound target mentioned above on the soda lime glass substrate 1 with a diameter of 95mm by which the mirror finish was 
carried out. Although composition of Sm in the hard magnetism ground layer 53 changed with the numbers of Sm chips, the 
arrangement relations, and spatter power on a compound target, obtained Sm composition ratio was 1 1 - 33at%. 
[0043] Subsequently, 75nm of vertical-magnetic-recording layers 5 was formed by using a Co-Zr5-Nb4 at% alloy as a target 43, 
having used the Co-Cr 15-Ta4 at% alloy as the target 43 for the soft-magnetism ground layer 4 immediately after 500nm 
membrane formation. By forming membranes immediately here, Co-Zr-Nb and Co-Cr-Ta couple directly, and the 
vertical-magnetic-recording layer 5 which carries out perpendicular orientation strongly is obtained. Moreover, since the 
magnetic field of about 4 kA/m is always added to radial [ of a substrate 1 ] with the magnets 41 and 42 of a magnetron during 
membrane formation, magnetization and easy axis of the hard magnetism ground layer 53 and the soft-magnetism ground layer 4 
are arranged with radial [ of a substrate 1 ]. It is Si02 as a protective layer 6 to the last. 15nm was formed. 
[0044] Thus, after finishing membrane formation, the same heat treatment as an example 1 among a magnetic field was 
performed. That is, in the atmosphere in a vacuum of 10 - 3 or less Pa, rotating the vertical-magnetic-recording medium 50 after 
membrane formation around the center-of-rotation shaft in the magnetic field of 24 kA/m, at 300 degrees C, heat treatment of 3 
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hours was performed and the vertical-magnetic-recording medium 50 was obtained. 

[0045] Here, in order to carry out property comparison with this example 2, an above-mentioned example 1 and the 
above-mentioned example 3 of comparison were used. The vertical-magnetic-recording medium of the example 3 of comparison 
was manufactured independently. The vertical-magnetic-recording medium 51 of the example 3 of comparison is constituted as 
shown in drawing 1 1 , and it consists of a glass substrate 1, and the soft-magnetism ground layer 4, the 

vertical-magnetic-recording layer 5 and protective layer 6 which were formed in order on this. The quality of the material and the 
membrane formation conditions of each class 4, 5, and 6 are the same as that of the case of the above-mentioned example 2. 
[0046] Next, the characterization result of these samples (an example 2, an example 1, and example 3 of comparison) is 
explained. First, record reproducing characteristics are described, in addition, the record reproducing characteristics about these 
samples - 8 micrometers of width of recording track, and the main pole - thick - it measured using the single magnetic pole 
head of 0.4 micrometers and coil number-of-turns 60 turn on the conditions of disk rotational frequency 2070rpm, linear-velocity 
8 m/s, and 80nm of head flying heights 

[0047] Record reproduction of the 100kHz square wave signal was carried out, and solitary- wave reproduction output Ep-p 
(nV/(micrometer-t-m/s)) was measured with the oscilloscope. Here, reproduction outputs are the width of recording track 
(micrometer), coil number of turns (t), and linear velocity (m/s), and are standardized. The ratio to the example 1 of comparison 
was expressed with dB. 6. Record reproduction of the signal of 67 MHz was carried out, the difference of the noise component at 
that time and a system noise was measured by the spectrum analyzer over 16MHz of bands, and the medium noise (muVrms) 
was obtained. The ratio to the example 1 of comparison was expressed with dB. The above-mentioned solitary- wave 
reproduction output Ep-p The ratio of a medium noise was made into S/N and the ratio to the example 3 of comparison was 
expressed with dB. Moreover, a reproduction output immediately after carrying out the rotation start of the 
vertical-magnetic-recording medium and 2x104 The ratio of the reproduction output after rotation was made into the amount of 
demagnetization (dB), and the ratio to an example 1 was expressed with dB. The above measurement result is shown in Table 2. 



[0048] 
Table 2] 








S/N 


WtiL 




(dB) 


(dB) 


(dB) 


(dB) 


mm 2 


0. 7 1 


- 1 . 3 8 


2. 1 


0 




1.35 


1. 47 


-0. 1 


0. 1 3 




0 


0 


0 


4. 5 



[0049] According to Table 2, a reproduction output increases the vertical-magnetic-recording medium 50 of the example 2 of 
this invention to the example 3 of comparison which does not have the hard magnetism ground layer 53, the medium noise is 
falling and S/N is sharply improved with 2.1dB as a result. To the example 3 of comparison, S/N of an example 1 is equivalent. 
The vertical-magnetic-recording medium 50 by this invention is equivalent to the example 1 which is improved by even the 
measurement limitation grade about the amount of demagnetization, and has improved the amount of demagnetization. 
[0050] Next, magnetic properties are explained. VSM estimated the magnetic properties of a vertical-magnetic-recording 
medium. First, the magnetic properties of a CoSm film simple substance are explained. Drawing 15 is drawing showing the M-H 
curve of the CoSm film simple substance which constitutes the hard magnetism ground layer 53 in the example 2 of the 
vertical-magnetic-recording medium of this invention, and shows a circumferencial direction and radial measurement result 
about the inside of the field of the disc-like substrate 1. A radial M-H curve shows the square shape ratio of about 1, and, on the 
other hand, the M-H curve of a circumferencial direction shows a loose inclination as seen to this drawing. This shows carrying 
out orientation of the CoSm film to radial strongly. Moreover, the same M-H curve was obtained by composition ratio [ of Sm ] 
1 1 - 33at% of within the limits, and coercive force He was the range of 50-100Oe. In addition, this CoSm film is manufactured 
like the process of the hard magnetism ground layer 53 mentioned above, and heat treatment among a magnetic field is also 
carried out. 

[0051] Next, the M-H curve of the compound layer of a hard magnetism ground layer / soft-magnetism ground layer is 
explained. First, the simulation in consideration of the magnetic interaction performed presumption of the M-H curve of the 
compound layer when using a CoSm film as a hard magnetism ground layer, and using a CoZrNb film as a soft-magnetism 
ground layer. The M-H curve of the CoSm film used for the simulation and a CoZrNb film simple substance is shown in drawing 
26 . Drawing 17 shows the M-H curve obtained as a result of carrying out a simulation noting that there was no magnetic 
interaction (magnetostatic combination and switched connection) between a CoSm film and a CoZrNb film about the compound 
layer of a CoSm film and a CoZrNb film. That is, the result which piled up two curves in drawing 16 simply is obtained. 
[0052] On the other hand, drawing 1 8 shows the M-H curve obtained as a result of carrying out a simulation noting that only the 
magnetic interaction of switched connection was between the CoSm film and the CoZrNb film about the compound layer of a 
CoSm film and a CoZrNb film. The apparent coercive force He is large. Moreover, drawing 20 shows the M-H curve obtained as 
a result of carrying out a simulation noting that only the magnetic interaction of magnetostatic combination was between the 
CoSm film and the CoZrNb film about the compound layer of a CoSm film and a CoZrNb film. The apparent coercive force He 
shows the negative value. 

[0053] The M-H curve of an actual bipolar membrane is shown in drawing 14 . In drawing 14 , (A) shows the M-H curve of the 
compound layer of the soft-magnetism ground layer / hard magnetism ground layer from which (B) constitutes the example 2 of 
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the vertical-magnetic-recording medium of this invention for an M-H curve in case an interlayer is between the compound layers 
of the soft-magnetism ground layer / hard magnetism ground layer which constitutes the example 2 of the 
vertical-magnetic-recording medium of this invention, respectively. In addition, considering a CoZrNb film as an interlayer, it is 
2nm Si02 considering a CoSm film as a soft-magnetism ground layer as a hard magnetism ground layer. The layer was formed 
like the above-mentioned example 2. 

[0054] The M-H curve shown in drawing 14 (A) is the M-H curve and similarity which are shown in drawing 17 , and the 
magnetic interaction of a CoSm film and a CoZrNb film is cut off by existence of an interlayer. On the other hand, it is the M-H 
curve and similarity which are shown in drawing 18 , and, as for the M-H curve shown in drawing 14 (B), it turns out that 
switched connection strong between a CoSm film and a CoZrNb film is acting. In addition, the form of an M-H curve shown in 
drawing 20 shows not acting, if magnetostatic combination is independent between a CoSm film and a CoZrNb film. 
[0055] About each sample, the M-H curve was measured and relation between the impression magnetic field of the compound 
layer of a soft-magnetism ground layer / hard magnetism ground layer and the reversal magnetic field of the minor loop 
corresponding to the magnetic field was clarified. The M-H (magnetization) curve of the compound layer of a soft-magnetism 
ground layer / hard magnetism ground layer is explained. First, the minor loop which shows the relation of the impression 
magnetic field H and the reversal magnetic field Hm which were shown in drawing 19 , and which are acquired about a 
compound layer is explained, drawing 19 — setting — a horizontal axis - the intensity of the impression magnetic field H - in a 
vertical axis, u shows a saturation magnetization curve (portion) and v shows a minor loop for Magnetization M, respectively In 
addition, since measurement of this M-H curve was performed to the field inboard of a substrate 1 by impressing a magnetic 
field, even if there is a vertical-magnetic-recording layer 5, since this vertical-magnetic-recording layer 5 has a perpendicularly 
strong anisotropy in the 1st page of a substrate, it turns out that the measurement result described below is not affected. 
[0056] First, if the magnetic field H which increases in the right direction is impressed to the compound layer which is not 
magnetized, the initial magnetization curve which is not shown in drawing will be followed, and it will be magnetized in the right 
direction, and will amount to a points which are the magnetic field strength enough saturated in the right direction in a hard 
magnetism ground layer, and Magnetization M will be saturated in the right direction. Next, if the impression magnetic field H is 
decreased, Magnetization M follows Curve u and decreases. If a magnetic field H amounts to 0, the magnetic field H is made to 
increase in the negative direction shortly. A magnetic field H shows according to c points. - Magnetization M will be set to 0 if 
He (coercive force) is reached. Furthermore, if a magnetic field H is made to increase in the negative direction, a compound 
layer will be magnetized in the negative direction, and if a magnetic field H is set to -HI, it will amount to b points. 
[0057] Next, if a magnetic field is reversed in b points and a magnetic field H is changed in the right direction, an M-H curve 
draws a minor loop and Magnetization M changes along with Curve v. And the magnetic field H shown according to d points 
when Magnetization M is set to 0 is searched for as Hm (HI) (let Hm be a reversal magnetic field). If a magnetic field H is 
furthermore changed in the right direction, it will be magnetized in the right direction and will amount to a points again. This 
operation was repeated and it asked for the relation between the impression magnetic field H and the reversal magnetic field Hm. 

[0058] A relation with the reversal magnetic field Hm of the minor loop corresponding to the impression magnetic field H and its 
magnetic field of the compound layer of soft-magnetism ground layer 3 / hard magnetism ground layer 2 at the time of being 
Co-Sm in which the hard magnetism ground layer 2 which is the example 2 of this invention carried out radius orientation to 
drawing 12 is shown with an example 1. In this example 2, as for Hm, H shows the value with negative [ fixed ] to 50Oe(s) (4 
kA/m). This thing shows that it returns to the original magnetization state again, if a magnetic field will be returned to 0 in the 
preservation state of a medium even if a magnetic field smaller than 50Oe joins magnetization and opposite direction of the hard 
magnetism ground layer 53. 

[0059] On the other hand, in the compound layer of the 3/hard magnetism ground layer 7 of soft-magnetism ground layers of an 
example 1 Hm is changing in monotone to the impression magnetic field H. this If the magnetic field slightly exceeding coercive 
force joins opposite direction, when not returning to the original magnetization state but using a medium at the time of medium 
preservation It is shown that there is a danger of causing demagnetization and a spike noise (of course, as the above-mentioned 
example 1 explained, to the conventional example, the coercive force itself is large far, and it is clear that demagnetization is 
improved). 

[0060] Next, the result which investigated the crystallinity of the hard magnetism ground layers 53 and 3 by the X-ray-analysis 
method is explained. Drawing 13 is drawing showing the X diffraction pattern of the vertical-magnetic-recording medium of the 
example 1 of the vertical-magnetic-recording medium of this invention, and an example 2. As shown in this drawing, in the hard 
magnetism ground layer 3 of an example 1, the clear peak of bcc-Cr and hcp-CoCrTa was observed, and it turns out that it is a 
crystalline substance clearly. On the other hand, in the hard magnetism ground layer 53 of this example 2, the peak from CoSm 
was not observed but this showed that the hard magnetism ground layer 53 is amorphous or that it was the quality of a 
microcrystal. In addition, for diffraction, Cu target was used, and in the case of the example 2, in order to check a diffraction 
peak, 4 times as many target current as this was passed to the example 1 . 

[0061] Furthermore, when the thin film front face of the hard magnetism ground layers 53 and 3 independently produced on the 
substrate 1 was observed with the scanning electron microscope (SEM), about the hard magnetism ground layer 3 of an example 
1, to clear crystal grain having been observed, crystal grain was not looked at by CoSm of die hard magnetism ground layer 53 of 
this example 2, but it found that a front face was also smooth for it. 

[0062] In addition, what is necessary is just to set up the magnetic properties of the hard magnetism ground layer 53 to be used, 
and the range of thickness so that it may be determined in the magnetic properties of the soft-magnetism ground layer 4, and 
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connection with thickness and the magnetic field to which Hm starts may become sufficiently large in the curve shown in 

drawing 12 compared with a visitor magnetic field, for example, so that it may become 500 or more Aim. 

[0063] 

[Effect of the Invention] As explained above, according to the vertical-magnetic-recording medium of this invention by the claim 
1 In the vertical-magnetic-recording medium equipped with the disc-like substrate, the soft-magnetism ground layer formed on 
this substrate, and the vertical-magnetic-recording layer formed on this soft-magnetism ground layer By having prepared the hard 
magnetism ground layer which has the magnetization all whose magnetization directions are either the radial periphery sense of 
the aforementioned substrate, or the main sense between the aforementioned substrate and the aforementioned soft-magnetism 
ground layer The demagnetization by rotation of a medium can be prevented, a medium noise can be reduced, a high 
reproduction output can be obtained, and, thereby, a highly efficient and quality vertical-magnetic-recording medium can be 
offered. 

[0064] Moreover, according to the vertical-magnetic-recording medium of this invention by the claim 2, it sets to the 
vertical-magnetic-recording medium equipped with the disc-like substrate, the soft-magnetism ground layer formed on this 
substrate, and the vertical-magnetic-recording layer formed on this soft-magnetism ground layer. By having prepared the 
orientation hard magnetism ground [ in which all the magnetization directions are either the radial periphery sense of the 
aforementioned substrate, or the main sense, and the direction of orientation is in the field of the aforementioned substrate ] layer 
within a field between the aforementioned substrate and the aforementioned soft-magnetism ground layer The demagnetization 
by rotation of a medium can be prevented, a medium noise can be reduced, a high reproduction output can be obtained, and, 
thereby, a highly efficient and quality vertical-magnetic-recording medium can be offered. 

[0065] Moreover, according to the vertical-magnetic-recording medium of this invention by the claim 3, it sets to the 
vertical-magnetic-recording medium equipped with the disc-like substrate, the soft-magnetism ground layer formed on this 
substrate, and the vertical-magnetic-recording layer formed on this soft-magnetism ground layer. By having prepared the radius 
orientation hard magnetism ground [ in which all magnetization is either the radial periphery sense of the aforementioned 
substrate, or the main sense, and the direction of orientation is radial / aforementioned ] layer between the aforementioned 
substrate and the aforementioned soft-magnetism ground layer The demagnetization by rotation of a medium can be prevented, a 
medium noise can be reduced, a high reproduction output can be obtained, and, thereby, a highly efficient and quality 
vertical-magnetic-recording medium can be offered. 

[0066] Moreover, according to the vertical-magnetic-recording medium of this invention by the claim 4, it is a 
vertical-magnetic-recording medium according to claim 3, and by having used the aforementioned radius orientation hard 
magnetism ground layer as Co alloy film containing Sm (SAMARYUUMU), the demagnetization by rotation of a medium can 
be prevented, a medium noise can be reduced, a high reproduction output can be obtained, and, thereby, a highly efficient and 
quality vertical-magnetic-recording medium can be offered. 



[Translation done.] 
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